A novel Gram-stain-positive, motile, catalase-and oxidase-positive, aerobic, endospore-forming, peritrichous, rod-shaped bacterium, designated YIM M13235
grew optimally at 30 6C, pH 7.0 and in the presence of 2-4 % (w/v) NaCl. meso-Diaminopimelic acid was present in the cell-wall peptidoglycan. Strain YIM M13235
T exhibited a menaquinone system with MK-7, and the major polar lipids consisted of diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, four unknown phospholipids and one unknown glycolipid. The major fatty acids (.5 %) were iso-C 15 : 0 , anteiso-C 15 : 0 , anteiso-C 17 : 0 , iso-C 17 : 1 v10c and summed feature 4 (anteiso-C 17 : 1 and/or iso-C 17 : 1 ). The genus Bacillus belongs to the family Bacillaceae and contains six phylogenetically distinct groups on the basis of 16S rRNA gene sequence analysis (Ash et al., 1991; Stackebrandt & Liesack, 1993; Nielsen et al., 1995; Ventosa et al., 1998) , the type species is Bacillus subtilis. The genus Bacillus is characterized by Gram-positive, rod-shaped bacteria. Species of the genus Bacillus can be obligate aerobes or facultative anaerobes, and test positive for the enzyme catalase (Turnbull, 1996) . The genus Bacillus includes both environmental and pathogenic species, and it is ubiquitous in nature. Under stressful environmental conditions, cells of members of the genus Bacillus produce oval endospores that can stay dormant for extended periods. These characteristics originally defined the genus, but not all such species are closely related, and many have been moved to other genera. To investigate bacterial diversity from marine sediments, one novel strain YIM M13235 T was isolated from a marine sediment sample.
Strain YIM M13235
T was isolated from a sediment sample collected from the South China Sea (117 u 37.2089 E 21 u 23.2029 N) at a depth of 652 m. The sample after serial dilution was spread on PYGV resuscitation medium (DSMZ Medium 621; http://www.dsmz.de/?id=441). It contained (l
21
): 250 mg each of Bacto peptone (Difco), Bacto yeast extract and glucose, as well as 20 ml Hutner's basal salts medium (Cohen-Bazire et al., 1957) , 10 ml vitamin solution no. 6 (Van Ert & Staley, 1971) and 2 % (w/v) NaCl. The plates were incubated at 30 u C for two weeks. Colonies were selected and repeatedly restreaked on YIM 38 # medium to obtain pure cultures. Strain YIM M13235
T was routinely cultivated on YIM 38 # medium at 30 u C and also stored as glycerol suspensions (20 %, v/v) at 280 u C. Biomass for chemical and molecular studies was obtained by cultivation on YIM 38 # medium at 30 u C for about one week.
Extraction of genomic DNA, PCR amplification and sequencing of the 16S rRNA gene were carried out as described by Li et al. (2007) . The 16S rRNA gene was amplified by using the following primers: PA (59-CAGAG-TTTGATCCTGGCT-39) as the forward primer and PB (59-AGGAGGTGATCCAGCCGCA-39) as the reverse primer. PCR amplification was performed under the following conditions: 4 min at 95 u C; 30 cycles of 1 min at 94 u C, 1 min at 56 u C and 1.5 min at 72 u C; plus an additional 10 min cycle at 72 u C. The PCR product was ligated into the pEASY-T1 vector and transformed into Escherichia coli DH5a using a pEASY-T1 cloning kit (Transgen Biotechnology). The 16S rRNA gene sequence was determined by Sangon Biotech (Shanghai, China). The resulting 16S rRNA gene clone sequence of strain YIM M13235
T was submitted to the NCBI database and the EzBioCloud server using BLAST (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012) to determine an approximate phylogenetic affiliation and download sequences to build the phylogenetic trees. Phylogenetic trees were reconstructed by the neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971) and maximum-likelihood (Felsenstein, 1981) , tree-making algorithms by using the software package MEGA version 5.0 (Tamura et al., 2011) . Evolutionary distance matrices (distance options according to Kimura's two-parameter model) were generated as described by Kimura (1980) and the tree topology was assessed by bootstrap analyses (Felsenstein, 1985) based on 1000 resamplings. The determination of DNA G+C mol% content was by the method of Marmur (1961) and quantitative microplate DNA-DNA hybridizations referenced the method of Ezaki et al., (1989) . The DNAs used in these two experiments were purified to an absorbance ratio of A 260 versus A 280 higher than 1.8. Every hybridization experiment was performed with eight replications and the highest and lowest values in each experiment were excluded, and means were then calculated.
An almost-complete 16S rRNA gene clone sequence of the organism was determined as 1571 bp length. In the neighbour-joining phylogenetic tree ( Fig. 1 Spanka & Fritze, 1993) . The topology was similar to those of the phylogenetic trees reconstructed by using maximumparsimony (Fig. S1 , available in the online Supplementary Material) and maximum-likelihood methods (Fig. S2) (Table S1 ), respectively, which were below the 70 % cut-off point recommended for the delineation of genomic species (Wayne et al., 1987; Stackebrandt & Goebel, 1994) .
Cell morphology of strain YIM M13235
T was examined by phase-contrast microscopy (DM 2000; Leica) with the strain grown on medium YIM 38 # for 6-8 days and the detection of bacterial flagellum was carried out using transmission electron microscopy (JEM-2100; JEOL) with cells grown on YIM 38
# plus 0.6 g agar for 24 h at 30 u C. Gram staining was carried out according to Smibert & Krieg (1994) .
Growth at different temperatures (5, 10, 15, 20, 25, 28, 30, 37, 40, 50 and 55 u C) and tolerance to NaCl (0-15 %, w/v with 1.0 % intervals) were tested on YIM 38
# medium as basal medium by incubating the cultures for one week. The pH range for growth (pH 4-11 at intervals of 1.0 pH unit, using the buffer system described by Xu et al., 2005) was examined at 30 u C for one week on YIM 38 # medium; five strains were tested at the same time. Catalase activity was detected by the production of bubbles after the addition of a drop of 3 % (v/v) H 2 O 2 ; oxidase activity was determined by the oxidation of N,N,N9,N9-tetramethyl-p-phenylenediamine. Starch hydrolysis and urease activities were assessed as described by Smibert & Krieg (1994) ; hydrolysis of cellulose, gelatin and Tween 40 were determined as described by Cowan & Steel (1965) . Other enzymic activities were assayed using the commercial API ZYM system (bioMérieux). Carbon and nitrogen source utilization tests were carried out as described by Gordon et al. (1974) , and also using the API 50CH/B system (bioMérieux).
Strain YIM M13235
T was aerobic and the cells were motile, Gram-stain-positive, white, semi-translucent with smooth surfaces, and produced endospores, which were ellipsoidal and located sub-terminally in sporangia (Fig. S3 ). The spore shape was different from B. horikoshii DSM 8719 T and B. cohnii DSM 6307 T , and the spore position was also different from the four reference strains. The result of transmission electron microscopy was that cells were long rod-shaped (0.50-0.5861.70-1.90 mm) and flagella were peritrichous (Fig. S4) . Growth of strain YIM M13235 T occurred at 10-50 u C, pH 6.0-9.0 and in the presence of 0-7 % (w/v) NaCl, with optimum growth at 30 u C, pH 7.0 and with 2-4 % (w/v) NaCl. Strain YIM M13235
T was positive for oxidase, catalase and amylase activities, and hydrolysis of gelatin and Tween 40, but negative for urea and cellulose hydrolysis. The results of API ZYM tests were positive reactions for alkaline phosphatase, esterase (C4), esterase lipase (C8), lipase (C14), leucine arylamidase, valine arylamidase, cystine arylamidase, trypsase arylamidase, chymotrypsin, acid phosphatase (ACP), naphthol-AS-BIphosphoric acid hydrolase and a-glucosidase activities. The API 50CH/B and other physiological and biochemical results are shown in Table 1 and in the species description, and all the tests were performed using the same conditions. Biomasses used for chemotaxonomic analyses were obtained from cultures grown on YIM 38 # at 30 u C for one week. The diaminopimelic acid (DAP) isomer in the cell wall was determined using TLC as described by Staneck & Roberts (1974) . For polar lipid analysis, approximately 50 mg cells were freeze-dried, extracted and examined by two-dimensional TLC and identified using previously described procedures (Minnikin et al., 1979; Collins & Jones, 1980) . The fatty acid methyl esters were analysed by using the Microbial Identification software package (Sherlock version 6.1; MIDI database: TSBA6). Biomass for fatty acid analysis was obtained from cells grown on tryptose soy agar (TSA; Difco) at 30 u C for 4 days; all strains were under the same conditions to culture, extract and detect. Menaquinones were extracted according to Collins et al. (1977) and separated by HPLC (Tamaoka et al., 1983 ).
T possessed a cell-wall type based on meso-DAP as the diagnostic diamino acid. The polar lipids consisted of predominant amounts of diphosphatidylglycerol (DPG), phosphatidylglycerol (PG), phosphatidylethanolamine (PE), four unknown phospholipids (PL) and one unknown glycolipid (GL) (Fig. S5) . Major fatty acids (.5 % of the total) of the novel isolate were iso-C 15 : 0 (38.7 %), anteiso-C 15 : 0 (9.1 %), anteiso-C 17 : 0 (8.3 %), iso-C 17 : 1 v10c (8.8 %) and summed feature 4 (anteiso-C 17 : 1 and/or iso-C 17 : 1 ). The major fatty acid profile of strain YIM M13235
T was consistent with those of four reference type strains (B. halmapalus DSM 8723 T ; B. horikoshii DSM 8719 T ; B. zhanjiangensis JSM 099021 T and B. cohnii DSM 6307 T ), but there were also some differences with the latter (Table S2 ). Strain YIM M13235
T contained only one menaquinone, MK-7.
On the basis of phenotypic, chemotaxonomic and phylogenetic analyses, strain YIM M13235
T exhibited typical markers of the genus Bacillus. Characteristics summarized in Tables 1 and S1 T is representative of a novel species in genus Bacillus, for which the name Bacillus tianshenii is proposed.
Description of Bacillus tianshenii sp. nov.
Bacillus tianshenii (ti.an.she9ni.i. N.L. n. tianshenii of TianShen, to honour Tian-Shen Tao for his contributions to microbial taxonomy in China).
Gram-stain-positive, aerobic and motile. Colonies are white and semi-translucent with smooth surfaces, producing endospores which are ellipsoidal and located sub-terminally in sporangia. Cells are long rod-shaped (0.50-0.5861.70-1.90 mm) and flagella are peritrichous. Growth occurs with 0-7 % (w/v) NaCl (optimum 2-4 %) and at pH 6.0-9.0 (optimum pH 7.0) and at 10-50 u C (optimum 30 u C). Positive for oxidase, catalase and amylase activities, and hydrolysis of gelatin and Tween 40, but negative for urea and cellulose hydrolysis. Utilizes methionine, lysine, alanine, phenylalanine, histidine, and glutamate as sole nitrogen sources, but not glycine, threonine, arginine, tryptophan, tyrosine or asparagine. Utilizes glucose, glycerol, maltose and aesculin as sole carbon sources, but not 2-ketogluconate, 5-ketogluconate, amygdalin, arbutin, cellobiose, 
